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Abstract 
In regions where the energy is fairly expensive, reverse osmosis (RO) is a favorable choice 
compared to any other thermal processes due to its lower energy consumption. Combining 
renewable energy systems with RO water desalination offers a viable solution to the scarcity of 
water in remote areas, especially in regions characterized by plentiful solar radiation such as 
the coast and keys around Cuba. This paper carries out an economic evaluation of a small-
scale water production using renewable energy through the seawater RO process. This process 
presents the least rate of energetic consumption per produced water. Cost ratings are shown 
according to the small capacities of production desalinated water up to 50m3/d which are very 
reasonable compared with the water cost reported by small-sized desalination plants installed in 
other countries. The costs of desalinated water that were obtained in this work are for the 
fraction of Renewable Energy (RE) (participation of RE) more than 50%. Also are given the 
equations to calculate the investment cost index and the cost of desalinated water cost. The
environmental costs associated with desalination, such as production of concentrated brine and 
carbon dioxide emissions, are not considered in the study due to lack of data 
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1. Main text  
Nomenclature 
Cothers Other costs 
CO&MPD Operation and maintenance cost of generation plant
CO&MPG Operation and maintenance cost of generation plant
f Inflation tax
i Interest tax
N  Lifetime of the whole system (year) 
n Quantity of wind generator 
P Power (kW) 
PDA  production of desalinated water [m3/d]
1. Introduction 
Renewable energy sources can be considered as providers whose availability changes 
according to fixed or variable periods of time and the amount of energy that is not always 
constant. It is perceived that geographical areas lacking drinking water present great 
proportions of renewable energy sources, i.e., wind, solar, etc. so it is convenient to combine 
those renewable sources with a desalination plant to produce and supply the necessary drinking 
water [1-2]. In this sense, the fact of desalination of seawater as well as brackish water using 
renewable energy sources can be regarded as a feasible solution. Combining renewable energy 
systems with reverse-osmosis (RO) water desalination offers a viable solution to the scarcity of 
water in remote areas, especially in regions characterized by plentiful solar radiation such as 
the coast and keys around Cuba. Tourism in Cuba has reported a rate of growth in those tourist 
centers which results in an increasing consumption of drinking water. These regions are not 
connected to main electricity grid; therefore their electrical systems are supported by diesel 
engines. The use of this sort of engines causes a higher level of pollution so that the proposal of 
using renewable energy favors to diminish the so-dangerous contamination. Different studies 
carried out in Cuba lead us to know that the north coast from Villa Clara to Guantánamo is a 
region of high wind velocities, whose average velocity is higher than 5.7m/s at 10m altitude. 
Other piece of information states that the average level of solar radiation is high, 5kWh/m2.
These values indicate the possibility of using the wind and solar energies for fresh water 
production. The geographic features, the friendly environment as well as the idea of producing 
fresh water in a sustainable way motivate this work, which consists in an economic evaluation of 
a small-scale water production using renewable energy. 
2. Development 
The reasons for the analysis in applying renewable energy sources to feed reverse osmosis 
plants are the specific electric energy consumption is lesser (5-8kWh/m3) than the other types of 
processes for fresh water production, i.e. vapor compression, flash evaporation, etc; the 
energetic cost depends on the salt concentration; the reverse osmosis plants permit a greater 
adaptability in comparison to other plants when there is a variation of the demand and the 
investment costs of a reverse osmosis plant are lower than those from other technologies. 
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In a general sense, it can be considered that the meeting of the renewable energy sources and 
the desalination process is a technical challenge, associated with the greatest problems of the 
cost of the total system and the intermittent character of renewable energy. It is considered as a 
basic and technical challenge because there is no natural balance between the renewable 
energy resources (wind energy as random state and solar energy as periodical one) and the 
production of fresh water what calls for creating the architecture of the system and the operation 
strategies to fulfill the balance [3]. 
3. Economic evaluation
The main parameters influencing on the economical performance of a desalination plant 
operating with renewable energy sources are: climatic conditions, capacity of production and 
economical parameters, both of the desalination plant and of the generating plant (wind, 
photovoltaic, etc.). In order to evaluate from the economical point of view the desalination 
system and the generating one, the initial phase conveys the analysis of costs which generate 
each of the plants being analyzed. The total cost of the whole system is given by [4]:
TI PG PDC C C   (1) 
C
TI
: Total cost, C
PG
: Generation plant cost, C
PD
: Desalination plant cost.  
Inicial total annualized cost.
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Operation and maintenance cost (O&M) depend on the operation and maintenance cost of the 
desalination and generation plants. 
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Taking into account the previous factors, the software of simulation HOMER (Hybrid 
Optimization Model for Electricity Renewable) [5] was applied for the analysis of the economical 
feasibility in using the renewable energy sources in the process of desalination. This is an 
optimizing model which allows the simulation of different energetic models and gives the 
possibility of obtaining cost values corresponding to each system previously designed according 
to the load to be delivered to the desalination plant. Besides, this program makes possible the 
analysis of the energetic system connected or not to the electric grid. All of the analyzed 
proposals generate different costs so feasibility will be achieved when selecting the model that 
causes the least cost and to a great extent, investment can be recovered. Another choice would 
be taking into account the saving of fuel. 
3.1 Cost of desalination plant by reverse osmosis
In order to obtain the cost of water is necessary to know the investment cost of the reverse 
osmosis plant. It fluctuates between 2400 and 2000$/ m3/d [6]. Other necessary items to 
evaluate the cost are membrane replacement period: from 2 to 5 years; the membrane 
replacement cost (fluctuates between 0.03 and 0.1$/m3) which represents from 3 to 6% of the 
total cost of the plant. The specific membrane replacement cost decreases with the increment of 
capacity and operation time of the plant (0.29$/m3 for 189000m3 and 11303 hours and 0.04$/m3
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for 953000m3 and 39420 hours). The operation and maintenance cost fluctuates from 0.2 to 
0.6$/kW [7] 
Desalination plant indexes (PD): Investment cost index (ICIPD)
3116 91 467 89 0 9736. . ln( ) ; .ICIPD PAD R     (5)
Operation and maintenance cost index: 0.6 $/m3; working time of the plant: 24 h/d; membrane 
replacement cost index: 0.6 $/m3/y;
Energy consumption index (IConsEPD)
32
13 314 0 00562
1 0 0097 0 000143
. .
. .
PAD kWhIconsEPD
mPAD PAD
  ª º « »¬ ¼   
 (6) 
3.2 Costs of the elements of the hybrid system
Wind plants: The total cost per installed kilowatt fluctuates between 900 and 12000$/kW [8-9]. 
The cost of O&M behaves as follows: during the first six years, it fluctuates between 2 and 3 % 
of the cost of total investment; after these first years, it increases up to the 5% of the cost of 
total investment and after 10 years, new investment and repairs must be carried out, which 
bears/constitutes the greater burden in the cost of O&M. Values from 22.5 to 32.5$/kW are 
recommended.  
Wind generator indexes: Wind generator cost index (ICAG) [$/kW] 
If P<100kW   
 
1 0 9881
0 00025141 0 00014189
; .
. . ln
ICAG R
P
  
 
 (7) 
100<P<1000 kW 1000 ICAG
P>1000   950 ICAG
Operation and maintenance cost depending on the quantity of wind generator used. 
10 9( )& .
n
O MC ICAG n
    (8) 
Diesel generator: The index of investment cost depends on the capacity ($/kW) and the 
indexes of the operation and maintenance cost given as $/kWh is shown on Table 2: 
Table 1.Genset costs 
Capacity (kW)   
4 40
$/kW  1800 1020 
$/kWh  0.03 0.02 
Generator indexes: Investment cost index (ICG) [$/kW] 
0 107
1 0 9432
0 123 0 011 .
; .
. .
ICG R
PAD
  
  
 (9) 
Operation and maintenance cost index (ICOMG)  [$/(kWh] 
0 4220 033 0 028 3 78 .. . exp( . )ICOMG P       (10) 
Photovoltaic system: The cost index of a photovoltaic system is given as $/kWp; where the 
peak kilowatt ($/kWp) is defined as the power generated in standard condition (solar radiation of 
1000 W/m2 and temperature of 25ºC).The cost of 1 kW almost fluctuates from 2500 to 
960   César Cisneros Ramírez and Celso Recalde /  Energy Procedia  75 ( 2015 )  956 – 962 
3500$/kWp, and about this, from 40 to 60% corresponds to the solar panels and the rest 
corresponds to converters, cables, equipment and installation. The operation and maintenance 
cost fluctuates from 0.02 to 0.1$/kWh, estimating in 20 years the lifetime of this equipment [10]. 
Cost indexes of photovoltaic system: PV panel cost index (ICPS): 6000 $/kWp; battery cost 
index: 300 $/Ah; converter cost index: 850 $/kW. Other considerations: lifetime: 20 years; 
replacement cost: 90% initial costs; autonomy: 2 days 
4 Results: 
For all calculations, the price of oil used was 0.5, 0.8 and 1$/liter. The annual real interest rates 
used were 8 and 10%.The costs of desalinated water that were obtained in this work are for 
fraction of Renewable Energy (RE) more than 50%. The costs obtained are included in table 2 
and between parentheses the fraction of RE or the participation of RE in the system is reflected. 
Table 2: Desalinated water cost
Desalinated water cost $/m3 (fraction FRE, %) 
m3/d Wind-PV PV Wind-Diesel Wind-PV-Diesel Diesel-PV 
5 16.9  41.6 14.46 (50) 12.6 (66) 10.5 (33) 
10 10.6 12.15 (60) 9.4 (65) 
20 9.6 10.6 (60) 
30 8.7  8.3 (71) 
40 7.99 (67) 
50 6.4 (70) 
The values obtained in this work are higher than the ones obtained in the works of Helal [11] 
and Ghermandi [12] due to the prices of energy used in that works is lower than the price used 
in this work. The values shown in [7] agree in some with the results of this work. 
For price of diesel higher than 0.6$/liter, the use of renewable energy is justified. 
The table 3 gives an incipient rule to select de capacity of the components that feed energy to 
the desalination system, depending on the capacity of the desalination system. This proportion 
is based on the lower value of the water cost obtained. 
Table 3: Proportion power/production of water for the component of the desalination system 
Capacity of water production 
[m3/día] 
Energy system Proportion  
kW/m3día 
5
Wind-Diesel Wind Turbine(3/5) Diesel (1.5/5) 
Wind-Diesel-
Photovoltaic
Wind Turbine (3/5) Diesel (1.1/5) 
Photovoltaic (3/5) 
10 
Wind-Diesel Wind turbine (10/10) Diesel (2.2/10)
Wind-Photovoltaic Wind turbine (20/10)  
photovoltaic (10/10) 
20 
Wind-Diesel Wind turbine (20/20) Diesel (4.5/10)
Wind-Photovoltaic Wind turbine (60/20)  
photovoltaic (25/20) 
30 
Wind-Diesel Wind turbine (30/30) Diesel (6.7/30)
Wind-Photovoltaic Wind turbine (50/30)  
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photovoltaic (30/30) 
40 Wind-Diesel Wind turbine (30/40) Diesel (9/40) 
50 Wind-Diesel Wind turbine (50/50) Diesel (12/50)
The constant decreasing of the prices makes to think that the process of desalination, with the 
use of FRE, is an option to take into account for regions where water is in short supply and is 
disconnected from the national power supply. 
5 Conclusions 
In this work, it was determined the cost of desalinated water for wind and solar radiation 
conditions which are characteristic in Cuba. In carrying out the analysis, it was considered the 
evolution of the prices that different components or equipment of the systems have undergone 
in recent years. As a result of this, it is stated the proportion of power of the energy component 
to capacity of water production of the desalination system that guarantee the minimum cost of 
the desalted water.
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